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Abstract 
In order to study the effects of different plant densities and  seed priming with plant growth  promoting  rhizobacteria 
(PGPR) on  yield and yield attributes  of  corn (Zea maize L.), a factorial experiment based on randomized complete 
block design with three replications was conducted in 2010 at the Research Farm of Islamic Azad University, Ardabili 
Branch. Treatments were three densities containing, 7 (D1), 9 (D2) and 11 plant m-2(D3) plus seed priming with Plant 
Growth Promoting Rhizobacteria (PGPR) in three levels containing, without inoculation (as control), priming with 
Azotobacter chroococcum strain 5 and Azosprilium lipoferum strain OF. Maize hybrid was SC-404. Results indicated 
that plant density had significant effects on grain yield, plant height, number of kernels per ear, the number of grain rows 
and number of grains per ear row. These characteristics had different response to seed priming with PGPR. The highest 
grain yield obtained from D2. The highest the number of kernel per ear and the number of grain per ear row recorded at 
D1, while D3 showed the highest values of plant height. The number of grain row did not affected by levels of plant 
density and seed priming with PGPR. In conclusion, it can be suggested that in order to increase of grain yield  should 
be applied 9 plants m-2 in seed priming with  Azosprilium lipoferum strain OF in  conditions of  Ardabil  Plain. 
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Introduction 
Corn (Zea mays L.) belongs to the family Poaceae 
(Gramineae) and the tribe Maydeae. This plant forms 
major dietary part of the millions of the people in the 
form of bread, cake and porridge. Besides being an 
important food grain for human consumption, maize 
has also become as a major component of livestock 
and poultry feed (Ahmad et al, 2008). Maize grain yield 
is more affected by variations in plant density than 
other members of the grass family. Maize hybrids differ 
in their response to plant density (Luque et al., 2006).  
One of the most important effective factors is non 
application of optimal plant population per hectare 
(Sangoi and Salvador,1998). Higher planting densities 
increase plant sterility and the interval between male 
and female blooms, and reduce the number of grains 
per ear (Sangoi et al., 2002). Planting density studies 
are also interesting to corn researchers for at least two 
reasons. Adequate planting densities can contribute 
towards significant grain yield increases for farmers 
(Cardwell, 1992). Secondly, because corn yield 
response to density depends on genotypic (Chandra & 
Gautan, 1997) and environmental influences 
(Bondavalli et al., 1970), and even negative responses 
of the crop to a given factor can be verified beyond 
certain limits.  
 One of the other most important effective factors 
in increasing of corn yield is seed inoculation or priming 
with plant growth promoting rhizobacteria (PGPR).The 
mechanisms by which PGPRs promote plant growth 
are not fully understood. But, several mechanisms 
have been suggested by which PGPR can promote 
plant growth, including phytohormone production, 
enhancing stress resistance, N2 fixation,  increasing 
the supply or availability of primery nutrients to the host 
plant (Wu et al ,2005), the synthesis of enzymes and 
fungicidal compounds (Ahmad et al, 2006).Kloepper 
and Beauchamp (1992) have been shown that cereal 
yield increased up to 30% with Azotobacter inoculation 
and up to 43% with Bacillus inoculation. Cakmake et al 
(2006) reported that inoculation of plants with 
Azospirillum could result in significant changes in 
various growth parameters, such as increase in total 
plant biomass, plant height, leaf size, leaf area index 
and root length of cereals (Bashan et al, 2004). 
Significant increases in growth and yield of 
agronomical important crops in response to inoculation 
with PGPR have been reported by Asghar et al (2002). 
Kloepper et al (1980a, b) reported that plant yields 10 
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to 30% increased in non-legume crops such as corn 
and sugar cane. Trails with Plant growth-promoting 
rhizobacteria indicated that yield and dry matter 
accumulation increase in wheat (Cakmakı  et al., 
2007), maize (Pal, 1998) and sugarcane (Sundara et 
al, 2002). The objectives of this study were to 
determine the effect seed priming with Plant Growth 
Promoting Rhizobacteria (PGPR) and various levels of 
plant densities on yield and yield attributes of  corn 
(Zea maize L.) in condition of province of Ardabil –Iran. 
 
 
 
 
Material and methods  
 A factorial experiment based on randomized 
complete block design with three replications was 
conducted in 2010 at the Research Farm of Islamic 
Azad University, Ardabili Branch. Climatically, the area 
placed in the semi-arid temperate zone with cold winter 
and hot summer. The most rainfall concentrated 
between winter and spring. The table 1 shows physical 
and chemical properties of farm soil used in the 
experiment.
Table 1- Soil   physico-chemical properties at depth of   0-30 cm 
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 The soil was plowed by two harrowings, and was 
fertilized at sowing with 100 kg N (urea), 75 kg P2O5 
(superphosphate), and 75 kg K2O (Potassium chloride) 
per hectare. Corn seeds were planted in the first week 
of May. Treatments were three densities containing, 7 
(D1), 9 (D2) and 11 plant m-2 (D3) plus  seed priming 
with Plant Growth Promoting Rhizobacteria (PGPR) in 
three levels containing, without inoculation (as control), 
priming with Azotobacter  chroococcum strain 5 and  
Azosprilium  lipoferum  strain OF. Maize hybrid was 
SC-404. Row spacing was 75cm and distances 
between plants in the rows were 19.04, 14.81 and 
12.12 for D1, D2 and D3 sowing densities, respectively. 
Plot size was 5m×3.75m with five rows per plot. Plots 
and blocks were separated by 1m unplanted distances. 
The area was mold board-ploughed and disked before 
planting. Two seeds were sown per hill and later 
thinned to one plant per hill. Thinning was done at 4-6 
leaves stage. The field was immediately irrigated after 
planting. All other agronomic operations except those 
under study were kept normal and uniform for all 
treatments. 
 Grain yield and the other traits studied in this 
research were determinated in the following ways: 
Grain yield: grain yield was harvested of 3 m long 
of three middle rows.  
Plant height: mature plant heights of 8 random 
plants/plot were measured in cm as the distances from 
ground level to the lowest branch of the panicle. 
Number of kernel per ear: the number of kernels in 
8 ears was counted after they had been shelled, and 
was divided by the number of ears. 
The other characteristics such as number of 
grains per ear row and the number of grain rows were 
determined in the center three rows of each plot 
according to Ulger (1998). Analysis of variance and 
mean comparisons were performed using SAS 
computer software packages. The main effects and 
interactions were tested using the LSD test. 
 
Results and Discussion 
 Density had significant effects on grain yield, 
plant height, number of kernels per ear, the number of 
grain rows and number of grains per ear row. These 
characteristics had different response to seed priming 
withPGPR.
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Table1. Means comparison of seed priming with PGPR on yield and yield attribiutes of corn  in various levels of plant densities 
 
         Values followed by the different letters are significantly different 
 
Number of kernels per ear: Number of kernels 
per ear plays an important role to determining grain 
yield. Data regarding the effect of plant density and 
seed priming with PGPR on number of kernels per ear 
are given in table 1. Means of comparisons for different 
plant densities indicated the maximum (396.56) plant 
density was recorded for 7 plant m2 and minimum 
value (342.1) was recorded for 11 plant m2 (table 1). 
Higher planting densities increase plant sterility and the 
interval between male and female blooms, and reduce 
the number of grains per ear (Sangoi et al., 2002). 
 The response of number of kernels per ear to 
seed inoculation with PGPR was significant. The 
number of kernels per ear ranged between 346.14 and 
382.66 in ssed priming with PGPR. Among of seed 
inoculation with PGPR, maximum number of kernels 
per ear was recorded to inoculation with Azosprilium 
(382.66) and minimum it was recorded at control 
treatment (346.14) (table 1). Our results concur partly 
with observations made by Golami et al (2009), who 
reported that the kernels number increased with seed 
priming with PGPR. Increase in grains cob-1 with 
inoculation might be due to the positive response of 
corn at priming with PGPR. These results are also in 
agreement with De Freitas (2000) who concluded that 
grain number per ear in wheat was highest at 
inoculation with PGPR  
Plant height: seed priming with PGPR 
significantly increased the plant height. Data regarding 
the effect of plant density and seed priming with PGPR 
on plant height are given in table 1. In general, the 
maximum plant height (201.12 cm) was obtained to 
seed inoculation with Azosprilium, while the least value 
(185.25) was recorded at without inoculation. Similar 
results have been reported by Bashan et al (2004). 
They reported that inoculation of plants with 
Azospirillum could result in significant changes in 
various growth parameters, such as plant height. 
Means of comparisons for plant density indicated the 
maximum (206.62 cm) plant height was recorded for 11 
plant m2 and minimum value (179.67 cm) was recorded 
for 7 plant m2 (table 1). 
The number of grains rows: Data recorded on 
average the number of grains rows of  different plant 
densities is represented in table 1. Means comparisons 
indicated that the number of grains rows hadn’t 
significantly affected by different plant densities and 
seed priming with PGPR. Similar results have been 
reported by Tetio–Kargho and Gardner (1988) who 
reported that the number of grains rows isnt 
significantly affected by environmental factors. 
The number of grains per ear row: The 
response of the number of grains per ear row to seed 
priming with PGPR was significant. Maximum (19.204) 
the number of grains per ear row was recorded seed 
priming with Azospirillum and minimum it was recorded 
at control treatment (16.9). Similar results have been 
reported by De Freitas (2000);  Cakmakı et al (2007) in  
wheat  and Pal (1998 ) in maize.  Means comparisons 
indicated that maximum the number of grains per ear 
row (19.67) was observed for 7 plant m2 and minimum 
value(17.67) was observed for 11 plant m2. Similar 
results have been reported by Tetio–Kargho and 
Gardner(1988) who reported that the number of grains 
per ear row of corn were significantly affected  by plant 
densities. 
Grain yield: The grain yield was significantly 
affected by both plant density and seed priming with 
PGPR. Seed priming with PGPR significantly increased 
the grain yield. The grain yield varied between 5.93 
ton/ha in without priming till 6.85 ton/ha in seed priming 
with Azosprilium (tasble 1). A similar trend in yield 
differences across seed priming with PGPR have been 
reported by Dobbelaere et al (2003). They have been 
                    
              Characteristics             
                     
                                   
Treatments 
                                              
Plant height 
(cm) 
Number of 
kernels per 
ear 
The number 
of grains 
rows 
grain yield 
(ton/ha) 
The number 
of grains per 
ear row 
 
Seed priming with PGPR      
without inoculation (as control) 185.25 c 346.14 c 15.93  a  b 5.93  c 17.67 
Azosprilium 201.12 a 382.66 a 15.73  a a 6.85  b 18.06 
Azotobacte 191.55 b 367.88 b 15.96   a ab 6.54  a 19.67 
Plant densities (plant m2)      
7 179.67c 396.56  a  14.212 5.53  b 19.204  a 
9 197.63 b 357.6b 15.45 6.91  a 17.61  b 
11 206.62 a 342.1  c 15.95 6.78  a 16.9  c 
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reported that PGPR can increase yield. Kloepper and 
Beauchamp (1994) have been shown that wheat yield 
increased up to 30% in seed priming with PGPR. 
Maximum grain yield was produced by 9 plant m2 (6.91 
ton /ha) while minimum by 7 plant m2 (5.53 ton/he). 
Similar results have been reported by Sundara et al ( 
2002) at sugarcane and Pal (1998) in maize. They 
reported that seed priming with PGPR increased grain 
yield. Of course , grain yield in   9 and 11 plant 
densities weren’t significant.   
 
References 
Ahmad alias, M., A. Bukhsh., R. Ahmad., A. Zahid and 
A.Ghafoor.2008.Production potential of three 
maize hybrids as influenced by varying plant 
density.pak.j.agri.sci.45(4): 413-417. 
Ahmad, F., I. Ahmad. and M.S.Khan.2006. Screening 
of free-living rhizospheric bacteria for their multiple 
plant growth promoting activities. Agron J. Res. 
36:1-9. 
Asghar,H.N., Z.A.Zahir., M.Arshad. and 
A.Khaliq.2002.Relationship between in vitro 
production of auxins by rhizobacteria and their 
growth promoting activities in Brassica juncea.L. 
Bio. Fertil. Soil. 35:231-237.  
Bashan,Y., K.Holguin. and L.E.de-Bashan. 2004. 
Azospirillum-plant relationships:  physiological, 
molecular, agricultural and environmental 
advances.Can.J.Microbiol.50:521–577.  
Bondavalli, B; D.Colyer. and  E.M. Kroth. 1970. Effects 
of weather, nitrogen, and population on corn yield 
response. Agron J. 62: 669-672. 
Cakmakı, R., M. Erat, U.G. Erdo and M.F. Dnmez. 
2007. The influence of PGPR on growth 
parameters, antioxidant and pentose phosphate 
oxidative cycle enzymes in wheat and spinach 
plants. J. Plant Nutr. Soil Sci. 170: 288-295. 
Cardwell, V.B. 1992. Fifty years of Minnesota corn 
production: sources of yield increase. Agron . J 
74: 984-995.   
Chandera,D. and R.C.Gautan.1997. Performance of 
maize varieties at varying plant densities. Annals 
of Agric Res. 18: 375-376. 
De Freitas, J.R. 2000. Yield and N assimilation of 
winter wheat (Triticum aestivum L., var Norstar) 
inoculated with rhizobacteria. Pedobiologia 44: 97-
104. 
DeFreitas,J.R.,M.R.Banerjee.and J.J. 
Germida.1997.Phosphatesolubilizing rhizobacteria 
enhance the growth and yield but not phosphorus 
uptake of canola (Brassica napus L.). Biol. Fertil. 
Soils 24: 358-364. 
Dobbelaere, S., J.Vanderleyden. and Y.Yaacov Okon. 
2003. Plant growth-promoting effects of 
diazotrophs in the rhizosphere. Critical Rev. Plant 
Sci. 22: 107-149. 
Gholami, A., S.Shahsavani. and S.Nezarat. 2009. The 
Effect of Plant Growth Promoting Rhizobacteria 
(PGPR) on Germination, Seedling Growth and 
Yield of Maize. Proceedings of Word Academy of 
Science. Engineering and Technology. 37:2070-
3740. 
Kloepper, J.W. and C.J. Beauchamp.1992. A review of 
issues related to measuring of plant roots by 
bacteria. Can. J. Microbiol., 38:1219–1232.  
Kloepper, J.W., L. Leong. and  M.N. TeintzeMand 
Schroth.1980b. Enhanced plant growth by 
siderophores produced by PGPR. Nature. 
268:885–886. 
Kloepper, J.W., M.N.Schroth. and 
T.D.Miller.1980a.Effects of rhizosphere 
colonization by plant growth promoting 
rhizobacteria on potato plant development and 
yield. Phytopathology. 70: 1078–1082. 
Luque,s., A.G.Cirilo and M.E.Otegui.2006.Genetic 
grains in grain yield and related physiological 
attributes in argentine maize hybrids. Field Crop 
Res.95:383-397. 
Pal, S.S. 1998. Interaction of an acid tolerant strain of 
phosphate solubilizing bacteria with a few acid 
tolerant crops. Plant  Soil 198: 169-177. 
Sangoi, L., MA, Gracietti., C. Rampazzo. and  P. 
Bianchetti. 2002. Response of Brazilian maize 
hybrids from different ears to changes in plant 
density. Field Crops Research 79: 39-51.  
Sangoi.L., R and J.Salvador.1998.Influence of plant 
height and of leaf number on maize production  at 
high plant densities. Agron.J.33:297-306.  
Sundara, B., V. Natarajan. and K. Hari. 2002. Influence 
of phosphorus solubilizing bacteria on the 
changes in soil available phosphorus and 
sugarcane and sugar yield. Field Crop Res. 77: 
43-49. 
Tetio–Kargho,F. and F.P.Gardner.1988.Response of 
maize to plant population density. II:Reproductive 
development yield, and yield components. Agron. 
J.80:935-940. 
Ulger ,A.C.1998.The effect of different row and intra 
row spacing on grain yield and some  agronomical 
characters of maize. J.Agric. 13:95-104. 
Wu,S.C., Z.H.Cao., Z.G.Li., K.C.Cheung. and 
M.H.Wong.2005. Effects of biofertilizer containing 
N-fixer, P and K solubilizers and AM fungi on 
maize growth: a greenhouse trial. Geoderma. 
125:155–166.
  
